Pleistocene deposits in Panamint Valley, California, document the changes in pluvial lake level, source water, and elevation of the regional groundwater table associated with climate change. The oxygen isotope stage (OIS) 2 and 6 lacustrine record is well preserved in surficial deposits, whereas the OIS 3-5 lacustrine-paludal and lacustrine record is mainly derived from an archived core sample. Amino acid racemization ratios in ostracodes and gastropods suggest that the shoreline and groundwater-discharge features that lie between ~600 and 550 m elevation formed during one highstand, probably during OIS 6.
INTRODUCTION
The Pleistocene stratigraphic record from Searles, Owens, and Death Valleys in the southwest Great Basin area has provided a framework for understanding the regional climate history and landforms in Panamint Valley (Stuiver, 1964; Smith et al., 1983; Smith and Bischoff, 1997; Lowenstein et al., 1999; Forester et al., 2005) . This paper summarizes chronostratigraphic and paleoecologic investigations of late Pleistocene beach, wetland, and lacustrine deposits in Panamint Valley. In addition, we provide a summary of new data obtained from core material that was archived in the 1950s (Smith and Pratt, 1957) . These new observations help to constrain the elevation of shorelines during the Last Glacial Maximum (LGM) and the sources of water and duration of lakes in Panamint Valley during the late Pleistocene.
In 2001, four tufa samples from elevations of 357 m to ϳ512 m yielded Last Glacial Maximum ages of ca. 15,050-22,600 14 C yr B.P. (Jayko et al., 2001) . This was the first indication that the oxygen isotope stage (OIS) 2 lake in Panamint Valley may have been quite large (Jayko et al., 2001 ) and its shorelines were significantly higher than the ϳ383 m elevation reported by R.S.U. Smith (1976) . These results prompted additional sampling of marls and silt for microfauna-in particular, for analysis of ostracode paleoenvironmental indicators. Aquatic gastropods were collected for amino acid racemization analysis (AAR) with the objective of determining the relative age and timing of lacustrine events.
Fundamental differences in the solute chemistries of the water sources that intermittently occupied Panamint Valley also help to establish the Pleistocene chronostratigraphy in the absence of robust dates using U-series, 36 Cl, IRSL (infrared stimulated luminescence), and TL (thermoluminescence) methods. These different water sources, the dominance of which is climate dependent, differ in major-and trace-element chemistries, which make possible their differentiation by faunal paleoenvironmental proxies and by trace-element geochemistry. Our results suggest that Panamint Valley lakes and wetlands were supported by Owens River-derived surface water during glacial-pluvial cycles.
During drier episodes, springs and wetlands or shallow lakes were supported by flow from local spring and deep aquifer sources.
Basin Setting
Panamint Valley is one of a continuous chain of basins linked by the Owens River system during glacial and pluvial periods (Russell, 1885; Campbell, 1902; Gale, 1914a Gale, , 1914b Blackwelder, 1933 , and subsequent work). The valley occupies a topographic depression with the Owens Valley and associated drainages to the west and Death Valley to the east (Fig. 1) . The valley floor lies at 317 m, ϳ610-795 m lower than the Owens Valley playa and ϳ370 m higher than Death Valley. Panamint Valley is rimmed by 2000 to 2600 m ranges to the west and by the Panamint Range to the east, which generally lies between 2000 and 2700 m, but reaches 3365 m at Telescope Peak. The mean annual temperature of the valley is ϳ18 °C, and mean annual rainfall is ϳ90 mm/yr. Panamint Valley contains two basins floored by playa surfaces at ϳ470 m and 317 m elevation separated by a divide that is presently at ϳ521 m elevation. The northern, smaller, and higher basin is here referred to as the Lake Hill basin, and the prominent southern one is called the Ballarat basin (Fig. 1) . The Owens River system reaches the south end of Panamint Valley through streamflow when Searles Valley fills to its external spillway level at 690 m elevation (Gale, 1914b) . The Owens River system in turn continues to Death Valley via Wingate Wash when the Panamint Valley fills to ϳ602 m elevation (Gale, 1914b; Blackwelder, 1933; Smith, 1976) .
The regional topographic gradient of the valley floors, and likely the principal hydrographic gradient, is eastward. An eastward slope of the groundwater table surface has been documented in well data from the Indian Wells Basin (Fig. 1 ) and adjacent areas that lie west and southwest of Panamint Valley (Kunkel, 1962) . Although the regional gradient slopes eastward from the hydrologic head provided by the high Sierra Nevada Range to the west, some groundwater recharge is also provided by runoff from the central Panamint Range.
Panamint Valley is arid, and playa surfaces receive sporadic runoff from local watersheds. Shallow auger holes indicate that the water table presently lies ϳ1-3 m deep under the Ballarat playa in the southern basin (Carranza, 1965; Jayko et al., 2002) . Several of the canyons that drain the central part of the Panamint Range support perennial runoff. Springs and seeps are also present at the toes of fans that emanate from these canyons and discharge onto the northeast side of the Ballarat playa.
Panamint Valley is one of several large tectonically active grabens that lie within the eastern Sierra Nevada region. The valley lies in a zone of active transtensive deformation associated with oblique strike-slip deformation along part of the North America-Pacific plate boundary (cf. Reheis and Sawyer, 1997) . The regional tectonic setting strongly influences the active hydrothermal and structural characteristics of the region. Thermal springs are associated with large basin-bounding faults in the Coso Range and in Owens, Saline, Panamint, Fish Lake, and Death Valleys. Many of the active faults in the region tap into geothermal aquifers. Warm springs discharge along the base of the fault-controlled range front adjacent to the central part of the Panamint Range, indicating groundwater discharge from a deeper, geothermal source.
Water Sources
Ostracode assemblages indicate that two significantly different source-water chemistries have alternately dominated the basins in Panamint Valley. These water chemistries can be attributed to geological differences in the flow path of the Owens River versus the flow path of groundwater that is likely deep-sourced and includes fracture-controlled interbasin flow. Different water sources indicative of local as well as surface overland flow have previously been inferred from Sr isotope geochemistry and rare earth elements (Smith et al., 1998; Pretti and Stewart, 2002; Stewart, 1998) .
The surface flow of the Owens River system traverses significant igneous rock, including the Bishop Tuff in the upper part of its watershed, Sierran granitic rocks throughout, and the bimodal Coso volcanic field in the south. These geologic domains are dominated by Cenozoic and Mesozoic rock with rock chemistries that are high in silica and relatively alkalic and that have low 87 Sr/ 86 Sr isotopic ratios. For example, the 87 Sr/ 86 Sr of Bishop Tuff is ϳ0. 7078 (McConnell, 1994) , Sierran intrusive rocks range from ϳ0.704 to 0.706 (Kistler and Peterman, 1973; 1978) , and Coso volcanic rocks range from 0.7033 to 0.7038 (Groves, 1996) . Similar low isotopic ratios are found in the shell remains, minerals, and tufa that precipitate when Owens River surface water dominates the Panamint Valley (Stewart, 1998) . The siliceous alkaline rocks of the Owens River watershed tend to produce high solute ratios of alkalinity to calcium (alk/Ca) in the surface water.
In contrast to Owens River-derived water, the Panamint Valley groundwater has a low alk/Ca ratio. The flow path for the groundwater generally traverses isotopically evolved bedrock and marine sedimentary rock (evolved with respect to chondrites), which consist of abundant Paleozoic carbonate lithologies and Precambrian metasediment. Bedrock in the Panamint Range (Wasserburg et al., 1964) and in the nearby region (DePaolo, 1981; Domenick et al., 1983) has enriched 87 Sr/ 86 Sr, ranging between 0.7115 and 0.8040. Thus, groundwater flowing through the continental bedrock is likely to have high 87 Sr/ 86 Sr, compared to the Owens River surface path, which traverses abundant siliceous, less isotopically evolved rock. Stewart et al. (2001) found 87 Sr/ 86 Sr values of 0.7098-0.7104 from the highstand tufas in Panamint Valley and 0.7159 from sulfate in the Panamint core DH-3 drilled to the south of DH-1 in the basin depocenter. These results support the interpretation that overflow from the Owens River system produced the large lakes in Panamint Valley and that another water source, likely part of a deep aquifer, supported the lake in which the sulfates were deposited.
Both the Sr isotope geochemistry reported by earlier workers and the faunal data from this study are used to indicate the presence or absence of Owens River flow into the Panamint Valley. Carbonate sediments from Owens Lake core OL-92 also contain Sr isotope ratios that range between 0.7091 and 0.7093 over the last 25 k.y. (Stewart, 1998) . In contrast, 87 Sr/ 86 Sr ratios from Death Valley core DV93-1 range between 0.7132 and 0.7152 in sediments spanning the last ϳ100 k.y. (Sr isotope data from Z. Peterman, U.S. Geological Survey, written commun.).
Previous Work
Pleistocene lacustrine features have been recognized in the eastern Sierra and surrounding region since the late 1800s and early 1900s (Russell, 1885; Gilbert, 1890; Gale, 1914a Gale, , 1914b . Lacustrine or wetlands gastropods were first reported in deposits on the west side of Panamint Valley by Gale (1914b) . Hanna (1963) described additional gastropod localities from the highstand deposits. Planktonic microfossils associated with diatomite deposits were reported during exploration for economically viable evaporite deposits by American Potash and Chemical Company in the 1950s (Wornardt, 1964) . R.S.U. Smith (1976) undertook the most detailed mapping of lacustrine surficial features in Panamint Valley. Smith's thorough work concentrated on the highstands of the lake that occupied elevations of 580-610 m and 341-385 m. He also recognized intermediate stands and low-elevation strandlines, but these were given less attention. In addition to establishing a record of the highstand features that ring the basin, including tufa, beach gravels, and molluskan assemblages, Smith documented late Pleistocene tectonic deformation of the highstand shorelines. Smith (1976 Smith ( , 1978 also reported numerous fossil localities in the basin and named the ϳ600 m strandline after Gale, who first described it in the literature (Gale, 1914b) . The highstand of the lake in Panamint Valley is controlled by a spillway to Death Valley at the head of Wingate Wash (Fig. 1) U-series dating of highstand nearshore and spring-mound tufa has yielded isochron ages between 54 and 91 ka . Tufa from Ash Hill gave 68 Ϯ 25 ka at 536 m elevation, with R 2 ϭ 0.848; marl in Water Wash gave 66 Ϯ 9 ka at 603 m, with R 2 ϭ 0.960, and 54 Ϯ 8 ka at 603 m, with R 2 ϭ 0.927; Revenue Canyon tufa gave 91 Ϯ 5 ka at 618 m, with R 2 ϭ 0.997; and one gastropod-bearing marl gave 24 Ϯ 12 ka at 579 m from Bendire Canyon, but it had a low R 2 (ϭ 0.432; Fitzpatrick and . The results suggest that the system was open with respect to uranium, and therefore the ages were considered not to be indicative of the depositional age and not reliable .
Chlorine-36 dating has also been applied to boulders and tufa lying on shorelines inset on alluvial fans. The 36 Cl exposure ages on tufa and boulders from the Gale-stage shoreline at Pleasant Canyon were 100-150 ka at ϳ610 m elevation, suggesting an OIS 6 age. Tufa gave exposure ages of 70-80 and 84-100 ka for the ϳ580 m shoreline on Ash Hill (Phillips and Zreda, 1999) ; these are most likely minimum ages, also suggesting an OIS 6 age for the highstand.
Salt deposits recovered from Panamint drill-hole 3 (DH-3) core (Smith and Pratt, 1957) , drilled near the depocenter in the southern part of the southern playa ( Fig. 1) , also indicate an open geochemical system with respect to uranium and thorium . The U-series results show large variation and some age reversal down section, but in spite of that, they may provide approximate age ranges for successive 15-25 m sections ( Fig. 2) . Chlorine-36 dating of salt from three horizons in DH-3 (Jannik et al., 1991) , two of which are within the depth interval shown in Figure 2 , yielded significantly older ages than the U-series results by ϳ60 to 100 k.y. and identical results at different depths (Fig. 2) . In summary, the radiometric techniques have provided general constraints for the basin evolution, but reversals, large age ranges in short stratigraphic intervals, and large analytical errors plague the results Jannik et al., 1991) .
OBJECTIVES AND METHODS
Numerous strandline features are found over a nearly 300-melevation range in Panamint Valley from just above the playa floor to the spillway at Wingate Wash. Establishing whether these features are the record of a single large recessional lake event or multiple lacustrine events is a first step toward understanding the evolution and rates of surface and tectonic processes in the basin. Although significant work documenting the location and deformation of the highstand strandlines has been completed (R.S.U. Smith, 1976) , the age and correlation of many intermediate strandlines remain uncertain.
This study of late Pleistocene lakes was undertaken during a regional, 1:100,000-scale effort to map surficial deposits of the Darwin Hills 30Ј ϫ 60Ј quadrangle (Jayko, 2008) . Many localities with lacustrine deposits have been noted by previous workers, including: (1) south of Water Canyon at ϳ610 m elevation (Smith, 1976; Stewart, 1998) , (2) northern end of Ash Hill at about ϳ520 m (Hall and MacKevett, 1962; Smith, 1976; , (3) east of Panamint Springs at ϳ550 m (Hall and MacKevett, 1962; Smith, 1976) and Lake Hill at ϳ470 m (Davis, 1970) , and (4) Big Four Mine road (Davis, 1970; Smith, 1976) . Localities described in previous work, including Hanna (1963) , Wornardt (1964) , Davis (1970) , Smith (1976) , and Hall and MacKevett (1962) , were resampled.
Lacustrine and wetlands deposits were sampled from late Pleistocene beach and nearshore deposits for macro-and microfaunal assemblages. Tufa, marls, and gastropods were collected to constrain the age, duration, and characteristics of the water bodies that occupied Panamint Valley. Emphasis was directed toward sampling from intermediate and lowstand shoreline and nearshore deposits in an effort to establish the elevation of the Last Glacial Maximum lake in Panamint Valley.
The 14 C dating method was used to identify deposits potentially formed during OIS 2. Uncorrected IRSL and TL ages on silt associated with marl-bearing wetland and lacustrine deposits and 36 Cl ages on tufa provided minimum ages for some deposits at intermediate elevations. Reexamination of the fossil-bearing archived core extracted by Smith and Pratt (1957) provided paleoenvironmental information constrained by two 14 C ages near the top of the core. The DH-1 core was also sampled for amino acid racemization (AAR) on ostracodes and ostracode identification. The initial objective was to use the ostracode AAR ratios in the core to correlate to strandline deposits.
C Dating
Charophyte and other algal tufa samples collected from shallow, nearshore lacustrine and wetlands deposits were acid etched prior to analysis. Most of the surface tufa samples were selected in the field for optimum freshness indicated by good preservation of biogenic characteristics and minimal solution features; however, some amount of weathering, solution, and reprecipitation was evident in most samples. Ostracode samples were considered too small for pretreatment and were processed as is. Plant material was given an acid-alkali-acid (AAA) pretreatment to remove carbonate and humic acid contaminants.
Radiocarbon analyses for this study were performed using liquid scintillation (radiometric) and accelerator mass spectrometry (AMS) techniques. Radiometric samples were processed with benzene and analyzed for 14 C activity using liquid scintillation counters at Beta Analytic, Inc., in Miami, Florida. AMS samples were processed to pure carbon (in the form of graphite) at the U.S. Geological Survey (USGS) Radiocarbon Laboratory in Reston, Virginia. AMS dating was carried out at the Center for Accelerator Mass Spectrometry (CAMS), Lawrence Livermore National Laboratory, Livermore, California. The bulk-rock tufa samples were dated by Beta Analytic. Subsurface samples from a Figure 2 . Summary of lithologic variation, ages, and faunal control from Owens Lake core OL-92 and Panamint cores DH-1&1a and DH-3. All three cores are scaled the same in meters (feet also shown for reference). OL-92-Owens core data summarized from Smith and Bischoff (1997) ; depth of clay deposition is noted on left of column; depths of fresh versus saline diatom and ostracode assemblages are shown on right of column. Approximate depth to oxygen isotope stage (OIS) is also shown. Timing of Owens Lake open-basin conditions in OL-92 core (dark blue bars) is from Li et al. (2004) . Results from previous dating of DH-3 core: U-series isochrons on left of DH-3 column and whole-rock U-series inside DH-3 column ; depth in feet is on right of column. Meteoric 36 Cl ages from Jannik et al. (1991) are noted with black star on DH-3. 4 m auger, the archived DH-1 core, and one stromatolitic tufa sample yielded small volumes of handpicked material that were analyzed using AMS.
Quoted 14 C ages in this study are in radiocarbon years using the Libby half-life of 5568 yr and are normalized to a common ␦ 13 C of Ϫ25‰, following the conventions of Stuiver and Polach (1977) . Actual ␦ 13 C values were measured for individual samples when possible. These data are given in Tables 1A and 1B . Measured ␦ 13 C values are shown with one decimal place. Samples that were not measured for ␦ 13 C are shown as estimates without a decimal place. Estimates are based on expected ␦ 13 C values for similar sample material.
We have not established a reservoir effect for this basin, and little has been reported about this potential error for nearby basins Radiocarbon date calibrated at ±2σ using CALIB v 5.0.2 program (Stuiver and Reimer, 1993) with the INTCAL04 data set (Reimer et al., 2004) . § Conventional radiocarbon date calibrated (cal yr B.P.) after Bard et al. (1998) . (Benson et al., 2003; Hajdas et al., 2004) , although the effect is described for Owens Lake (Benson et al., 2003) . The reservoir effect generally causes 14 C ages to be a few hundred to a few thousand years too old because it takes time for atmospheric CO 2 to completely exchange with lakes containing high concentrations of dissolved carbonates. The 14 C input equilibrium may be achieved by exchange with atmospheric CO 2 at the lake surface, whereas the inorganic carbon component derives from total dissolved solids (TDS) in groundwater and runoff (cf. Geyh et al., 1998) .
The reservoir effect is greatest (worst) when the lake is saline and smallest when the lake is fresh because of the relation between TDS and concentration of dissolved bicarbonate and carbonate content of the lake water. Radiocarbon dates from the ostracode Limnocythere sappaensis will therefore represent the highest reservoir effect. In addition to the reservoir effect common to sodium bicarbonate-carbonate lakes, the "age" of dissolved inorganic carbon (DIC) can also be impacted by dead carbon derived from dissolved limestone. Charophytes obtain their photosynthetic carbon from the inorganic carbon rather than the free CO 2 fraction (McConnaughey, 1991), so a 14 C age from charophyte tufa will reflect the lake's carbon reservoir, as will 14 C ages from ostracode shells.
Both Mono and Pyramid Lakes lie to the north of Panamint Valley, west of the rain shadow generated by the Sierra Nevada Range and along the west side of the Great Basin. The reservoir effect at Pyramid Lake is considered either negligible or 600 yr at the time of the ca. 28 ka Mono Lake magnetic excursion (Benson et al., 2003a) . This makes the reservoir effect in Owens Lake either ϳ450 or ϳ1050 yr at ca. 28 ka during the Mono Lake excursion (Benson et al., 2003b) because the age control for the excursion is constrained by 14 C ages at Pyramid Lake. The reservoir effect appears to be negligible or absent in Mono Lake at that time (Benson et al., 1998 (Benson et al., , 2003b Benson, 2006, written commun.) . In the absence of constraining reservoir-effect data for Panamint Valley, we report the conventional 14 C ages here (Tables 1A and 1B) following other workers in the Mojave area (cf. Wells et al., 2003; Anderson and Wells, 2003) .
Amino Acid Racemization
The principles and applications of amino acid racemization (AAR) have recently been reviewed by Wehmiller and Miller (2000) . After synthesis by an organism, proteins and their constituent amino acids degrade through a complex series of biogeochemical reactions. The extent to which these reactions have progressed in a fossil is proportional to the length of time elapsed since the organism lived and to the ambient temperature of the reaction medium. The most geochronologically reliable of the complex network of diagenetic reactions is AAR, which involves the interconversion of L-amino acids to their D-isomeric configurations. Most living organisms use amino acids exclusively in the L-configuration. Upon death and removal of biologic constraints, the L-amino acids begin to racemize to their D-configuration. The abundance of D relative to L forms (D/L) defines the extent of racemization for a particular amino acid. The ratio increases with time and temperature until the rate of formation of D-amino acids is compensated by the reverse reaction, and the ratio reaches an equilibrium value of 1.0. In this study, we focus on the D/L values of aspartic acid (Asp) and glutamic acid (Glu).
The analytical procedure used in this study was presented previously in Kaufman and Manley (1998; modified by Kaufman, 2000) . Shells were cleaned using standard procedures and hydrolyzed individually in separate microreaction vials by dissolving in 6 M HCl, sealing under N 2 , and heating at 110 °C for 6 h. The high performance liquid chromatograph analysis employed precolumn derivatization with o-phthaldialdehyde together with the chiral thiol, N-isobutyryl-L-cysteine, to yield fluorescent diastereomeric derivatives of chiral amino acids. The derivatization was performed online prior to each injection using an autoinjector. Separation was by a reverse-phase column packed with a (Table 2) . Each sample was composed of 6-21 individual valves (average ϭ 11; more for ostracode samples than for gastropods). Some samples included individual shells with D/L values that were much different than the others of the group. Subsamples with D/L values beyond Ϯ2 of the mean of the rest of the group were excluded from the calculations. Of the 275 subsamples analyzed in this study, 27 (9.8%) were rejected. Following data screening, the intervalve variability in Asp and Glu averaged 6% and 7%, respectively, for the 25 samples (the standard errors of the mean were considerably lower). This intershell variation is less than that typically reported for single-age populations of mollusks (Miller and Brigham-Grette, 1989 ) and ostracodes (Kaufman, 2003a (Kaufman, , 2003b , and it attests to the integrity of the samples for amino acid analysis.
Chlorine-36
Chlorine-36 surface-exposure dating is one of a family of terrestrial cosmogenic nuclide (TCN) dating methods (Gosse and Phillips, 2001 ). These methods rely on the accumulation of rare nuclides that are produced in rocks by the action of galactic cosmic radiation. Chlorine-36 is produced by high-energy neutron reactions (spallation reactions) on the nuclei of K and Ca atoms and by low-energy neutron (thermal and epithermal) absorption reactions by the nucleus of Cl. Given the high Ca concentration of tufa, it is in principle a quite suitable material for 36 Cl surfaceexposure dating. The half-life of 36 Cl is 301,000 Ϯ 4000 yr. Gosse and Phillips (2001) provided a comprehensive description of 36 Cl surface-exposure dating and the methodology for its application.
Samples of tufa were collected from outcrops, ground to fine sand size, and leached in deionized water to remove any adsorbed meteoric 36 Cl or 36 Cl fallout from nuclear weapons testing. This leaching should also have removed any chloride-containing dissolved or particulate salts that might have infiltrated the tufa during exposure on the outcrop. Masses of the sample material, ranging from 20 to 125 g, were dissolved in diluted nitric acid to extract Cl, and 1-3 mg of Na 35 Cl isotopically labeled ( 35 Cl/ 37 Cl ϭ 99%) carrier was added during sample dissolution. The supernatant was centrifuged, and excess AgNO 3 was added to precipitate, as AgCl, the natural Cl and cosmogenic 36 Cl released from the calcite and the 35 Cl carrier.
The resulting AgCl precipitate was purified of S (which interferes with the 36 Cl analysis as the 36 S isobar) using standard procedures (Zreda, 1994) . The purified and dried AgCl was then sent to the PRIME Laboratory at Purdue University for accelerator mass spectrometry analysis of the 36 Cl/Cl ratio and the 35 Cl/Cl ratio (Elmore et al., 1979) . The spreadsheet program CHLOE (CHLOrine-36 Exposure age) was used to calculate the 36 Cl/Cl ratio and Cl concentration of the samples based on the 36 Cl/Cl and 35 Cl/Cl analyses, sample mass, and mass of added 35 Cl carrier (Table 3) (Phillips and Plummer, 1996) .
The CHLOE value herein is based on the cosmogenic nuclide production equations summarized by Gosse and Phillips (2001) . The high-energy cosmic-ray flux is calculated based on standard exponential attenuation with mass depth, and the spallation production rate is proportional to that flux. The model then uses this flux distribution as the source term for the calculation of the epithermal and thermal neutron fluxes by means of the diffusion equations derived by Phillips et al. (2001) . The spatial distributions of low-energy neutron fluxes are used to calculate the 36 Cl production by epithermal and thermal neutron absorption. Production parameters given in Phillips et al. (2001) and Stone et al. (1998) are used in the model. CHLOE also computes production rates due to primary and secondary effects of the cosmic-ray muon flux, using approaches analogous to those already described. The spatial scaling (latitude and elevation) in CHLOE is based on Lal (1991) . No corrections to the production rate due to secular variation of the geomagnetic field were employed. The production parameters in Phillips et al. (2001) were calibrated using samples from the approximate age, elevation, and latitude of the Panamint Valley samples. Correction for secular variation using this data set did not produce a better calibration (Lal, 1991) . Improved spatial and temporal scaling methods have recently been published, but they would not be consistent with the Phillips et al. (2001) calibration, and we do not believe that employing them on top of that calibration would improve dating accuracy. The program also computes the concentration of nucleogenic 36 Cl (i.e., produced as a secondary result of radioactive decay or fission reactions within the minerals) in the sample and subtracts it from the measured total 36 Cl to obtain the cosmogenic 36 Cl concentration.
Bulk chemical analyses were performed by X-ray fluorescence (XRF) and prompt gamma emission spectrometry but were not used to compute ages because the tufas contained significant amounts of detrital silicates that were not dissolved during the nitric acid processing of the samples. The samples were assumed to consist of calcite with minor trace elements. Based on stoichiometry and on measurements of trace elements, ages for all of the tufas were computed using the following composition: CaO 56%, CO 2 44%, B 20 ppm, Gd 12 ppm, Sm 12 ppm, U 2 ppm, and Th 1 ppm. Cl concentration and 36 Cl concentration were determined for each sample based on the 35 Cl carrier isotope-dilution mass spectrometry analyses.
Calculated 36 Cl ages are given in Table 3 . Apparent cosmogenic ages are affected by erosion; therefore, ages in Table 3 are given for three hypothesized erosion rates: 0, 1, and 3 mm/k.y. Based on field observations and general observations of bare-rock calcite erosion rates in arid environments, we believe that the actual erosion rates probably lie between 1 and 3 mm/k.y. Fortunately, the ages are relatively insensitive to erosion rate. Reported 36 Cl age uncertainties reflect only 36 Cl analytical uncertainty and are given as plus or minus one standard deviation. These quoted uncertainties are undoubtedly an underestimate of the actual uncertainties. Empirical evidence indicates that a more complete evaluation of age uncertainty, including factors such as error in chemical analyses and uncertainty in production parameters, yields total age uncertainties in the range of 10%-15% ).
Thermoluminescence (TL) and Infrared Stimulated Luminescence (IRSL)
Samples for luminescence dating were collected from silty marl or massive silty sand associated with tufas. Samples were obtained by scraping away ϳ10 cm of sediment and hammering a 6.35-cm-diameter opaque polyvinyl chloride tube horizontally into the outcrop wall. The sediment cylinder recovered was capped and wrapped with black plastic for transport. Additional sediment was collected from inside the core hole for moisture and dose rate determinations. Samples were double sealed in airtight bags to prevent loss of moisture.
Luminescence analyses were carried out in subdued orangelight conditions. Five centimeters of sediment was removed from each end of the sample pipes to prevent the possibility of contaminated sediments being dated. This sediment was added to the bulk sample for dose rate estimation. Luminescence measurements were made on the central section of the sediment cylinder, which was least likely to have been exposed to sunlight during sampling.
Samples were treated with 10% HCl and 30% H 2 O 2 to remove carbonates and organic matter and then sieved to extract the fine silt (because this was considered the dominant grain size for many of the sampled deposits). Both TL and IRSL (the optically stimulated luminescence that uses infrared wavelength stimulation on K-feldspars) were performed on a polymineralic (no mineral separation) fine silt fraction (4-11 m).
All measurements were made at 30 °C for 40 s after a preheat step to 125 °C for 48 h. The extracts from all samples were dated using the total-bleach multiple-aliquot additive-dose (MAAD) method (Singhvi et al., 1982; Lang, 1994; Richardson et al., 1997; Forman and Pierson, 2002) . At least two attempts were made per IRSL sample to provide MAAD ages. Anomalous fading tests on the stability of the luminescence signal indicated little to no signal instability (recording ratios of 0.88-1.11). These values are a ratio of luminescence emission after storage of Ͼ30-60 d divided by the immediate measurement; a ratio of 1.0 indicates stable luminescence. Most ionizing radiation in the sediment is from the decay of isotopes in the uranium and thorium decay chains and the radioactive potassium isotope 40. Bulk samples of at least 600 g were collected from the sample sites after the luminescence sample had been taken. In the laboratory, the bulk samples were counted on a high-resolution gamma-ray spectrometer for measurements of uranium, thorium, and potassium. The cosmic-ray dose rate was estimated for each sample as a function of depth, altitude, and geomagnetic latitude (Prescott and Hutton, 1994) . Disequilibrium (between U and Th elemental concentrations) was discovered in one sample, and no attempt was made to generate any IRSL ages from that site.
The water content was assessed in the laboratory using sealed field samples (generally ϳ1% Ϯ 0.5%) that were taken before the luminescence sample was collected. An arbitrary value of the sample's saturation moisture content throughout its depositional lifetime was assumed to be either 15% or 20%. Saturation values used were 15% for sandier sediment and 20% for siltier sediment. Ages were generated using a dose rate that assumed a 15%-20% water content, as this was a midpoint between the very dry field moisture and a fully saturated field moisture of 25%-45%. Alpha and beta contributions to the dose rate were corrected for grain-size attenuation (Aitken, 1985) .
Field moisture and saturation moisture (potential of the sediment for holding a certain % of water during periods of moisture influx) were routinely measured. For the Panamint samples, the field moisture was between 1% and 3%, and the saturation moisture was between 25% and 45%, depending on how much of the sample was fine-grained (silts/clays). The errors on the dose rate change with increased water content were ϳ0.1% per every 5% water increase. These are reflected in the dose rate error. The full range (20% Ϯ 20%) is already accounted for in the change of the absorbed dose (dose rate) that the sample sees (again assuming linear uptake), assuming the moisture content was sometimes 1%, but other times more like 25%. Jones (1966) and Eugster and Jones (1979) discussed how the solute composition of natural waters changes with mineral precipitation, water-rock interactions, clay-mineral exchange, or redox reactions. Briefly, the solutes in dilute meteoric waters become increasingly concentrated by evaporation (lower effective moisture, climate effect) and (or) solute input from water-rock reactions (chemical hydrology, hydrology effect) until calcite saturation is reached. Then, with continued evaporation and (or) input from water-rock reactions, calcite (or aragonite) precipitates variously under equilibrium or nonequilibrium conditions, resulting in the eventual depletion or enrichment of either Ca or total carbonate alkalinity (alk) at the CaCO 3 chemical divide. Depletion or enrichment occurs because cations (Ca) and anions (HCO 3 , CO 3 ) are lost from solution in equivalent proportions to form CaCO 3 , and the original alk/Ca (in equivalents) ratio is rarely equal to one.
OSTRACODES AND MAJOR DISSOLVED-ION COMPOSITION
The relative gain or loss of Ca or alk from the water establishes the alk/Ca value, either high or low, and defines a triplepoint boundary (Forester et al., 2005 ; http://www.kent.edu/nanode/) between three major solute types (Table 4) : (1) those dilute waters that are dominated by Ca and alk or in which those solutes are common; (2) those in which alk is enriched relative to Ca, and (3) those in which Ca is enriched relative to alk. Type one must be freshwater and types two and three are commonly saline water. Ostracodes are sensitive to all three solute types (Forester, 1983 (Forester, , 1986 (Forester, , 1987 (Forester, , 1991 Forester et al., 2005; Smith, 1993) .
Water Chemistry-Owens River System
In Panamint Valley and nearby basins, type 1 waters are common, especially at higher elevation, and they also represent basininflow waters (Table 4 ; see examples in Bradbury and Forester, 2002) . Lakes along the Owens River system, e.g., Owens, Searles, and also low-elevation groundwater discharge, are typically type 2 water because they are the product of volcanic rock-water reactions and evaporative concentration (Table 4 ; Eugster and Jones, 1979; Bradbury and Forester, 2002) . Alluvial and regional aquifer groundwaters in Death Valley are typically type 1 water, whereas some type 3 groundwaters in the south end of Death Valley rich in Ca are interpreted as hydrothermally derived and related to a midcrustal magma body (Li et al., 1997; Steinkampf and Werrell, 2001) .
We lack major dissolved-ion chemistry for waters in the Panamint Valley. However, as is true throughout the region, springs along the basin margin having water derived from an alluvial aquifer likely are type 1 waters. Carranza (1965) reported TDS values from two spring/wetlands in Panamint Valley with values of 5880 mg/L and 175,000 mg/L as well as a high Cl content (2250 and 15,000 mg/L) and neutral pH (8.0 and 7.5, respectively). These waters, like the hydrothermal waters in Death Valley, must be type 3 waters, because type 2 waters are characterized by very high pH (Ͼ9.0), as well as being Ca-depleted and alk-enriched (Forester et al., 2005) .
There are several ostracode species in core and outcrop sediment samples from the Panamint Valley that are important for the paleohydrological interpretations, including Candona caudata, Limnocythere ceriotuberosa, L. sappaensis, L. staplini, Cyprideis beaconensis, and C. salebrosa (Table 4; Forester et al., 2005) . Summaries of general hydrochemical and physical environmental habitats for each species as well as interpretations in the context of Panamint Valley paleoenvironments are summarized in Table 4 and at http://www.kent.edu/nanode/.
PLEISTOCENE LAKES
The following description of Pleistocene lakes in Panamint Valley is divided into three sections. The first section concerns correlation and paleoenvironmental indicators of the older, high- Limnocythere sappaensis Lives in waters with a wide TDS range (600 to 100,000 mg/L). It is restricted to waters having evolved type 2 solutes with an alk/Ca ratio (equivalents) of more than 7 (Forester, 1983 (Forester, , 1986 www.kent Limnocythere staplini Lives in waters with a wide TDS range (400 to over 100,000 mg/L; Delorme, 1989) . It is restricted to waters having evolved type 3 solutes with an alk/Ca ratio (equivalents) commonly below 1 (Forester, 1983 (Forester, , 1986 www.kent elevation Gale strandlines (Smith, 1976) , which lie between 550 and 600 m elevation. These strandlines are constrained to be older than ca. 50-70 ka and younger than the 620 ka Lava Creek B Tuff (Vogel et al., 2002) . The second section describes new paleontological information about the fossil-bearing section of the archived core collected by Smith and Pratt (1957) . The core provides insight into the sources of water for the OIS 2 lake and for the older, shallow lake and wetland deposits that probably range in age from about OIS 3 to OIS 5. The third section describes evidence for the shoreline elevation and source of lacustrine water during OIS 2, based primarily on surface exposures, a 4 m auger sample, and new 14 C ages (Tables 1A and 1B) .
Highstand (Gale) Strandlines
The Gale strandlines have been previously mapped between ϳ600 and 560 m elevation in the basin (Smith, 1976) . We collected samples from five areas: Nadeau Road, upper Water Canyon wash, and lower Water Canyon wash in the Ballarat basin; and Big Four Mine road and Panamint Springs in the Lake Hill basin (Fig. 1 ). Lacustrine and wetland gastropods including Carinifex sp., Amnicola sp., and Valvata sp. are abundant in nearshore deposits above 550 m elevation, but they are far rarer and generally sparse at lower elevations. They were not found below 415 m elevation in surficial deposits exposed in the basin. Fine-grained, friable, silty marl was collected that contained ostracode assemblages that were used for paleoenvironmental determinations. The Nadeau Road locality was also sampled for IRSL/TL analysis.
Nadeau Road
The Nadeau Road site lies west of the Ash Hill fault on the flanks of Bendire Canyon between ϳ580 and 597 m elevation. Hanna (1963) described a diverse aquatic gastropod fauna at 561 m elevation from this site and also noted that the assemblage was nearly identical to that collected from high shorelines in the Searles Lake Basin. The assemblage was identified as Limnaea (Polyrhytis) kingii (Meek), Stagnicloa kingii (Meek), Lymnaea kingii (Meek), Radix ampla, and Galba utahensis. The stratigraphy of the site includes a coarse, cross-bedded cobble beach deposit that overlies a whitish, silty, fossiliferous, diatomaceous marl (Figs. 3A-3C) (Smith, 1976) . Algal tufa mounds overlie beach deposits and are interbedded with the beach gravels; large colonial mounds also underlie the whitish marl.
Eight samples were collected from an ϳ1.5 m section of diatomaceous marl for ostracode identification. Two samples were collected for IRSL/TL analysis, one from the overlying silt and one from near the base of the section (site 40, Fig. 3B , Table 5 ; and AJ-4 and AJ-5, Table 6 ). The fine-grained sediment contains a diverse ostracode assemblage (Table 5 ) including rare Limnocythere ceriotuberosa, which is indicative of cold, fresh to saline, high alk/Ca solute-dominated waters, suggesting an Owens River source. The presence of L. ceriotuberosa implies a filling or through-flowing lake, or a terminal lake that is not losing much water to evaporation. Cyprideis salebrosa is an estuarine species common to the Gulf of Mexico along the Atlantic coast as well as inland saline springs east of the Rocky Mountains. The assemblage of Cyprideis salebrosa, Cypridopsis vidua, Limnocythere n sp., Limnocythere ceriotuberosa, and Limnocythere itasca indicates a low alk/Ca solute-dominated water, suggesting a deep groundwater source discharging on the margin of a lake. The site is proximal to the Ash Hill fault zone, which may have produced localized groundwater discharge.
The silt that overlies the diatomaceous marl and underlies the cross-bedded cobble beach conglomerate gave IRSL and TL ages, respectively, of 13.7 and 21.3 ka near the top of the section (sample AJ-4, Fig. 3B , Table 6 ). IRSL and TL ages of 51.3 and 64.6 ka were obtained near the base of the diatomaceous marl section (AJ-5, Fig. 3B , Table 6 ). obtained a ca. 24 Ϯ 1.0 ka U-series age on tufa from this site. The anomalously young U-series and IRSL/TL ages suggest that the deposit was open to groundwater or spring discharge, and they are not considered to be indicative of the age of deposition .
Upper Water Canyon
The upper Water Canyon site (Smith, 1976) lies in the western Ballarat basin between ϳ610 and 585 m elevation where beach and nearshore deposits overlie Paleozoic bedrock south of the active wash (Fig. 1) . This is one of the best-known highstand beach deposits in the Panamint Valley. The site lies on the opposite side of the valley from the well-preserved shorelines mapped by Smith (1976) near Ballarat (Fig. 4A) .
The upper Water Canyon location includes a well-developed abrasion surface at ϳ610 m elevation overlain by large (meterscale) colonial-type algal tufa and thick aquatic gastropod coquinas cemented by tufa and pebble-cobble beach deposits ( Figs. 4B-4D ; Smith, 1976) . Gastropod coquinas dominated by Helisoma newberri and Stagnicola sp. are also interbedded with ϳ1-10-m-thick diatomaceous silt and marl (Fig. 4D ). Gastropods were analyzed for AAR from site 38 at this locality (Tables 1 and  4) . Two U-series ages of 66 and 54 ka on tufa are considered minimum ages .
Lower Water Canyon
The lower Water Canyon sample sites lie in the western Ballarat basin between ϳ551 and 563 m elevation north of Water Canyon wash (Fig. 1) . Lacustrine and wetlands deposits are preserved on the west side of a horst block that lies east of the Ash Hill fault zone. Cobble beach lag clasts, tufa, and silty marl overlie an erodedTertiary volcanic bedrock surface atϳ551-560 m elevation.
At site 30 (Figs. 1, 5A , 5B), charophytic tufa rests directly on bedrock, and lag clasts of a cobble beach deposit are present at ϳ555 m elevation. Downslope a few meters, tufa locally overlies gastropod-bearing silt, which overlies silty whitish marl (Fig. 5B , with hand auger in sample hole). Gastropods collected from 555 m elevation at ϳ25 cm depth were dated at 32,550 Ϯ 270 14 C yr B.P. (Jayko et al., 2001 ), but we consider this age to be a limiting minimum, as secondary calcareous cement or tufa was present on the shells. No evidence was found elsewhere in the basin for an OIS 2 strandline at this elevation. At site 31 (Figs. 1, 5A, 5C ), marl is exposed in the floor of the wash to ϳ20 cm above the base of the wash. The marl is overlain by angular-subangular alluvium derived from Paleozoic bedrock to the west, which is in turn overlain by colluvium derived from the Tertiary volcanic rock exposed on the horst block to the east (Fig. 5C ). An ϳ40-cm-deep auger sample was taken at this locality. Gastropods are abundant in the silty marl from the top of the marl in the wash exposure to ϳ20 cm depth. The marl is underlain by compacted gastropod-barren mud. Gastropods were auger-sampled at 20 cm depth for AAR analysis (Table 2, field ID 177-02).
Site 33 lies at ϳ564 m elevation where silty whitish marl and local 10-20-cm-thick gastropod-bearing coquina beds are 
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Candona rawsoni group Cosmic doses and attenuation with depth were calculated using the methods of Prescott and Hutton (1994) . § Dose rate and age for fine-grained polymineral silt (IRSL or TL, with TL dose rate always larger). Exponential regression used on age, errors to one sigma. **Dose rate and age for 90-125 um quartz sand (blue-light OSL). Exponential regression used on 24 (of 28; 4 failed runs) aliquots for age, errors to one sigma. exposed in a wash cut (Figs. 5D and 5F ). The marl is overlain by ϳ3-4 m of weathered alluvium with distinct rubified clay films present. The north-facing wash cut was excavated and sampled for gastropods and ostracodes (Table 5) . A bed of well-rounded beach cobbles overlies siltstone and marl up-wash from this site at ϳ580-585 m elevation (Fig. 5E , site 34).
Big Four Mine Road
The Big Four Mine site (Davis, 1970; Smith, 1976) lies between ϳ560 and 597 m elevation on the east side of the Lake Hill basin south of the Big Four Mine road. The deposits are preserved on a horst block that lies west of the Panamint fault zone. The top of the horst block is flattened by a wave-cut abrasion surface, and the west side of the horst exhibits a wave-cut notch overlain by well-bedded, thinly laminated, fine-grained sediment and marl deposits. Gastropods and ostracodes were collected for AAR analysis from this site ( Table 2) . Davis (1970) reported a finite, ca. 52 ka 14 C age from this site during archaeological investigations of the Lake Hill area.
Panamint Springs Delta Foresets
Delta foreset deposits were recognized by Hall and MacKevett (1962) and Smith (1976) in small bluffs a few hundred meters northeast of Panamint Springs between ϳ548 and 555 m elevation. A thinly bedded, gastropod-rich horizon and recessional beach deposit overlie the delta foreset beds. Although this locality contains some thinly bedded marls with 10-30-cm-thick gastropod coquinas, the preservation of both ostracodes and gastropods from this locality is extremely poor. The gastropods are altered and thus too friable to collect. Two samples for IRSL/TL analysis were collected from sandy silt that underlies the gastropod-bearing horizon. Sample AJ-1 gave TL ages of 47.5 Ϯ 5.7 to 67.3 Ϯ 11.2 ka; however, the down-section and stratigraphically lower sample AJ-2 gave TL ages of 34.5 Ϯ 1.87 to 50.3 Ϯ 11.1 (Table 6 ). These ages are considered minima because paleoecological results from core DH-1 described in the next section preclude a large deep lake during this time interval. The elevation of this location exceeds the divide that separates the basins by ϳ35 m; thus, deltaic deposits at this elevation indicate a single large lake in Panamint Valley.
Summary of Highstand Paleoenvironmental Indicators
The ostracode assemblage (Table 5 ) from the deposits at 550-600 m elevation indicates mixing of water discharged from a regional groundwater aquifer near active faults with the cold fresh lake (cf. Forester et al., 2005) . Groundwater discharge may be faultcontrolled along the Ash Hill fault at the Nadeau Road locality and the Panamint fault zone at the Lake Hill Mine locality. The second ostracode assemblage contains species, including Cyprideis beaconensis, that require low alk/Ca, type 3 solutes, which may indicate an origin similar to the CaCl 2 waters that discharge from springs at the southern end of Death Valley today (Li et al., 1997) . Cyprideis salebrosa is common in this modern assemblage today and is also found living inland in springs east of the Rocky Mountains where it is associated with bird flyways from the Gulf of Mexico. We speculate that its presence may imply that bird flyways during the time of deposition were west-northwestward rather than north-south, likely due to continental glaciers covering the northern land area.
Correlation of the Gale Highstand Deposits
Three sites were selected for AAR analysis ( Fig. 1 ; Table 2 ): upper Water Canyon, lower Water Canyon, and the Big Four Mine Road. Gastropods of the genera Helisoma (Carinifex), Vorticifex, Amnicola, Lymnaea, and Valvata, and ostracodes of the genus Candona were analyzed. Two or more genera, each comprising a separate sample, were analyzed from most stratigraphic horizons. Helisoma (Carinifex) newberri was the most common gastropod genus. The rate of racemization in this taxon was compared with several others in stratigraphic horizons where they cooccurred with other species (Table 2 ). The results show that both Asp and Glu racemize at the same rate in Helisoma, as with all the gastropod genera analyzed in this study except for Amnicola, which exhibits higher ratios. The data also show the expected difference between the much higher rates of racemization in gastropods compared with ostracodes (e.g., Laabs and Kaufman, 2003) from the same stratigraphic horizon (Fig. 6) .
The extent of AAR can be used to estimate numerical ages where the rate of racemization is calibrated based on independent age control for a particular region and a particular taxon. Ages for the gastropods from Panamint Valley can be estimated roughly by comparing D/L ratios with other snails of known ages, combined with reasonable assumptions about temperature history. For this analysis, we focused on the Glu data, which seem to provide the most reliable chronometer for gastropods with D/L Ͼ 0.5 (e.g., Laabs and Kaufman, 2003) . We rely on the calibration curve derived for dated shells from in and around the Grand Canyon (Kaufman et al., 2002) .
Application of the D/L values from Panamint Valley to this calibration yields an average age of ca. 210 ka for the 550 and 610 m shorelines. Because the D/L values in gastropods from these two shorelines overlap, so do their ages. This estimate is probably a maximum age because temperatures in Panamint Valley are higher by at least several degrees, and therefore the longterm rate of racemization is probably higher in Panamint Valley compared with the sites used to derive the Grand Canyon calibration curve (Kaufman et al., 2002) Table 6 ) from the same stratigraphic unit for (A) aspartic acid and (B) glutamic acid. Error bars are Ϯ1σ of multiple subsamples (intershell variation). Lines show oneto-one relations.
16 °C for the Grand Canyon samples. Qualitatively, on the basis of the difference in temperature, the maximum ages estimated for the Panamint Valley shorelines are probably several tens of thousands of years too old. An age approximately in the range of OIS 6 is permissible based on this analysis. The 36 Cl results (Table 3) give disparate ages, some of which are younger than independent geological and geochronological data. We have identified four possible origins for apparent bias: (1) chemical erosion of the tufa surfaces, (2) coverage of the tufa by lacustrine or alluvial deposits that have subsequently been eroded away, (3) fractionation of Cl isotopes during dissolution of the samples in nitric acid, and (4) loss of 36 Cl during subaerial recrystallization or diagenesis of the tufa.
Hypothesis 1 is discounted because we calculated apparent age as a function of erosion rate, and the variation in age was not nearly large enough to explain any potential discrepancies. With regard to hypothesis 2, review of field notes indicated that all of the samples except PV02-04 were from situations where prior coverage by lacustrine or alluvial sediment (or other surficial cover such as dune sand or loess) was highly unlikely. PV02-04 could potentially have been covered by lacustrine sediment, and we attribute its highly anomalously young age most probably to this cause. We evaluated hypothesis 3 by comparing the results of closed-vessel dissolutions with the open-vessel method that was used for the Panamint samples and found no systematic bias. We therefore suggest that the 36 Cl ages for at least some of the tufa samples may be biased by solution and recrystallization of the tufa (hypothesis 4).
We have previously conducted methodological tests using Last Glacial Maximum-age tufa from Lake Lahontan and Searles Lake, and the 36 Cl ages here are in excellent agreement with the independent dates (F.M. Phillips, 2006, personal commun.) . However, those samples were much younger than the probable age of most Panamint Valley tufas and were also quite dense and nonporous. In contrast, many tufa heads in Panamint Valley have a sponge-like morphology. Petrographic examination of these specimens did not yield conclusive evidence either for or against recrystallization (S. Roof, 2005, personal commun.) . In summary, anomalously young 36 Cl ages due to subaerial recrystallization would appear to be a distinct possibility for at least some Panamint tufas, but more research is needed to establish the extent of this problem.
Sample PV02-04 at 611 m yielded an apparent 36 Cl age of ca. 16 ka, but we believe that this was due to prior coverage by lacustrine sediment. Likewise, IRSL/TL analysis on siltstone and marl from the same locality gave ca. 14 and ca. 20 ka ages, respectively, at 597 m elevation (AJ-4, Table 6 ), probably indicating resetting associated with groundwater discharge or eolian silt accumulation during the late Pleistocene. At lower elevations in the southern basin where 14 C ages of 14,000-22,000 yr B.P. (ϳ506-518 m) have been determined on tufa, 36 Cl analyses gave ages ranging from ca. 48 to ca. 61 ka (PV02-1, PV02-2, PV02-3; Table 3 ) for samples that ranged in elevation from 515 to 572 m. These results are probably best interpreted as indicating that lake stands above ϳ518 m are older than OIS 3, and perhaps much older.
A few hundred meters southeast of Ballarat (Fig. 4A) , the highstand shorelines at ϳ560-590 m elevation are inset into alluvial-fan deposits that contain the 620 ka Lava Creek B tuff. It occurs near the top of the 80-m-thick alluvial section (Vogel et al., 2002) and underlies the Gale strandline deposits, which include tufa and beach cobbles (Smith, 1976) . Thus, the Gale strandlines must be younger than 620 ka.
Panamint DH-1 Core
Three Ͼ100-m-long cores, DH-1&1a, DH-2, and DH-3, were drilled in Panamint Valley during the 1950s (Smith and Pratt, 1957) and subsequently archived in Menlo Park, California, at USGS. DH-1&1a and DH-3 were located in the Ballarat basin, and DH-2 was located in the Lake Hill basin. DH-3 was located close to the basin depocenter, reached ϳ325 m depth, and contained thick salt beds; however, it was sparsely fossiliferous to unfossiliferous. DH-3 core samples have previously been dated using meteoric 36 Cl and U-series analyses (Jannik et al., 1991; that have loosely constrained the ages of subsurface deposits (Fig. 2) . A third core drilled in the Lake Hill playa that reached Paleozoic rock at ϳ125 m depth (Smith and Pratt, 1957) was not reinvestigated in this study. Part of the DH-1&1a core contains a fossiliferous section between ϳ3 and 100 m depth where microfauna had been previously noted but not identified.
We sampled the DH-1&1a core for two 14 C ages from near the top of the microfossil-bearing section (Tables 1B and 5) , ostracode paleoenvironmental indicators throughout the fossilbearing part of the core (Table 5) , and two AAR analyses ( Fig. 2 ; Tables 2 and 5 ). Fifty samples were collected from ϳ100 m of core for faunal analysis (Fig. 2) , and thirty samples between ϳ30-85 m depths were based on lithologic descriptions from Smith and Pratt (1957) . Plant material from 30.5 m depth yielded an age of 24,880 Ϯ 160 14 C yr B.P. (Tables 1B and 5 ). One handpicked monospecific sample consisting of Cyprideis beaconensis from 39.5 m depth was dated by AMS at 40,710 Ϯ 670 14 C yr B.P. (Tables 1B and 5 ). The age is considered a minimum for this depth in the section.
Samples selected for AAR analysis at 40.4 m and 59.3 m depth were from at least 40,710 Ϯ 670 14 C yr B.P. in the DH-1 core. The D/L values in these two ostracode samples are lower than those obtained from two OIS 2 localities in Owens Valley (Fig. 1) . These results suggest that the AAR rate is significantly slower for the deeply buried core samples compared to samples from surficial outcrops in Owens Valley, where higher ambient temperatures may have accelerated the AAR rate. Therefore, we could not use the AAR results from the core to help constrain the age of surficial shoreline deposits in Panamint Valley.
Cyprideis beaconensis and Limnocythere staplini, indicative of type 3 water (Table 4) , and abundant brine shrimp pellets occur between 37.5 and 60.5 m depth in DH-1 (Table 5 ). This assemblage, indicative of a saline groundwater-supported brine, probably occupied a marsh, wetlands, and/or shallow lacustrine environment. The estuarine foraminifera Elphidium sp. occurs at 40-41.8 m depth and is locally abundant, indicating it was living in the wetlands. Its occurrence is also indicative of a low alk/Ca ratio, and a water chemistry similar to the ocean. Seeds identified as Ruppia sp. by Laura Strickland, U.S. Geological Survey (Denver), suggest water depths of less than 4 m and a generally siltysandy substrate rather than mud or clay, consistent with a shallow water body. The presence of Limnocythere staplini in this interval indicates TDS concentration Ͻ100 g/L. The section between 63 and 78 m depth is barren and (or) the core was not recovered, and between 78 and ϳ99 m depth, it is again dominated by ostracodes that require a shallow, low alk/Ca groundwater source (Tables 3  and 4 ; Forester et al., 2005) .
Summary of DH-1 Core Results
Between 34 and 63 m depth, DH-1 contains Cyprideis beaconensis (Tables 4 and 5 ), which is indicative of low-alkalinity and high-Ca groundwater discharge from a regional, and likely thermal, groundwater source (cf. Li et al., 1997) . Floral and faunal remains between 34 and ϳ100 m depth indicate a shallow lake or wetlands and the absence of Owens River-type water (type 2, Table 4 ). The dominance of C. beaconensis and L. staplini in the 35 and 100 m depth range also indicates that shallow saline lake and wetlands conditions persisted during this interval.
Age constraints from two 14 C ages near the top of the core (Fig. 2) suggest maximum sedimentation rates of ϳ0.8-1.2 mm/yr. Sedimentation rates from the Death Valley core mainly range between ϳ0.8 and 1.0 mm/yr at depths between 8 and 182 m (Lowenstein et al., 1999; Forester et al., 2005) . This sedimentation rate, and somewhat lower rates, are also typical of late Pleistocene sections in adjacent basins, including Searles and Owens Valleys (Smith et al., 1983; Smith and Bischoff, 1997; Bischoff and Cummins, 2001; Jayko, 2005 ). An assumed sedimentation rate between 0.7 and 1.0 mm/yr for the 100-m-thick section of shallow lake and wetlands sediments in the Panamint Valley core suggests a span of time of ϳ70-100 k.y., and thus the section below the lower 14 C date probably includes the entire OIS 4 interval.
The wetlands and shallow lake were supported by a low alk/Ca, type 3 groundwater indicative of a deep, probably thermally heated, regional aquifer that was discharging along the major active faults in the basin (Tables 3 and 4) . Likewise, the halite-dominated evaporite-mineral assemblage in the core is consistent with a local rather than Owens River source (Jannik et al., 1991) . There is no indication from the core samples for the high alk/Ca Owens River inflow or a large lake in Panamint Valley during OIS 4, so these results negate the likelihood of overflow into the basin. However, the presence of large saline wetlands or a shallow lake in the center of Ballarat basin indicates significantly wetter conditions than today.
OIS 2 Lake
Radiocarbon ages from shoreline charophytic and stromatolitic algal tufas combined with ostracode assemblages from (1) a shallow auger core from the Lake Hill basin, (2) archived DH-1 core from Ballarat basin, and (3) nearshore deposits located on the western slopes of Ballarat basin suggest that a large, ϳ180-200-m-deep lake occupied Panamint Valley during OIS 2. The ostracodes indicate that the valley was receiving water from the Owens River system and likely serving as a terminal lake where water loss was largely to evaporation rather than outflow during this time.
Lake Hill Area
Tufa ringing Lake Hill at ϳ475 m elevation yielded ages of 13,000 Ϯ 1000 14 C yr B.P. (Davis, 1970) and 11,800 Ϯ 70 14 C yr B.P. (Jayko et al., 2001) (Fig. 1; Table 1A ). Tufa from this elevation also gave a 16,200 Ϯ 700 yr 36 Cl age (Figs. 1 and 3) . Another tufa site at ϳ500 m elevation near the north end of Ash Hill, within the Lake Hill basin, gave ages of 14,950 Ϯ 80 14 C yr B.P. and 34,900 Ϯ 900 yr 36 Cl.
A 4-m-deep hole was augered near a trench locality at Lake Hill where previous archaeological investigations reported ages of 10,520 Ϯ 140 and 10,020 Ϯ 120 14 C yr B.P. on peat-bearing sediment at ϳ2.15 m depth (Davis, 1970; Hubbs et al., 1965) . The auger hole was sampled at ϳ15 cm intervals. The stratigraphy of the 4-m-deep hole consists of a basal meter of fine-grained mud and clay, organic-rich silt, and ϳ2 m of overlying silt, sand, and grit deposits ( Fig. 7; Table 1B ). A Limnocythere sappaensis coquina is present between the 3-4 m interval, which lies at ϳ467 m elevation. This assemblage indicates an alkaline-saline lake supported by inflow of Owens River water likely into a terminal lake undergoing evaporative concentration (i.e., with high salinity). The lacustrine mud is overlain by ϳ1 m of organic-rich sediment that contains molluskan and ostracode fauna, indicating a freshwater wetland and spring discharge environment (Fig. 7) .
A 16,735 Ϯ 50 14 C yr B.P. age on Limnocythere sappaensis shells from the base of the auger sample at ϳ4 m depth indicates that a lake with Owens River-type water chemistry was still present in the upper basin, and that Searles Basin was still likely overflowing into Panamint Valley or had been overflowing in the recent past. Aquatic gastropods from the base of the peat or "black mat" at 3.08-3.16 m depth gave an age of 12,575 Ϯ 40 14 C yr B.P. for the drying of the lake and the development of shallow wetlands supported by groundwater discharge. The ostracode and mollusk species assemblages indicate the presence of a perennial marsh or shallow lakeshore environment during the latest Pleistocene at ϳ468 m elevation.
OIS 2 Record in DH-1 Core
Limnocythere sappaensis is found in the DH-1 core between 21.3 and 27.5 m depth in the Ballarat basin (Tables 4 and 5) .
Limnocythere sappaensis appears to be reworked in the upper part of the section where it occurs between 21.3 and 25.3 m depth, and it appears in situ between 25.3 and 27.5 m depth. An age of 24,880 Ϯ 160 14 C yr B.P. was obtained from carbonaceous material at 30.2 m depth, indicating an OIS 2 age for this part of the core. This age-depth relation gives an ϳ1.2 mm/yr
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Dominantly clastic sediment, clast size (grit-clay) variable, few fossils represented by occasional ostracodes, snail shells and one sample with bone. The section has variable amounts of root, trace carbonate, some carbonate that resembles efflorescent crust, and some gypsum. Woody material and seeds are also present. One sample contains part of a conchostracan (?) carapace (clam shrimp).
UPPER PLAYA SHALLOW AUGER LAKE HILL S ITE
-308 cm WETLANDS
Well preserved and abundant ostracodes and snails. The upper sample has abundant carbonate (the capping carbonate phase of wetlands). Ostracode species are indicative of spring and seep discharge and not indicative of lacustrine, extensive wetlands or flow environments. The oldest sample with only spring and wetland ostracodes and mollusks occurs within the 299-308 cm interval.
-330 cm MAINLY WETLANDS
Mix of wetland fauna and rare Limnocythere sappaensis (indicates alkaline saline lake). From 316-330 cm Limnocythere sappaensis in poor shape with reworked other ostracodes.
-407 cm ALKALINE-SALINE LAKE
Limnocythere sappaensis abundant, good preservation, no other ostracodes. Indicates deposition in an alkaline saline lake suggesting one contiguous lake in the basin (thus, the two Panamint basin lakes are likely merged) or hydrological exchange. Limnocythere sappaensis coquinas persist to the bottom sample, so lake did not attain a chemistry dilute enough to have Limnocythere ceriotuberosa. sedimentation rate. An estimation of the age for the L. sappaensisbearing part of the core using the 1.2 mm/yr rate suggests ca. 24-21 ka (Table 5) .
Nearshore Deposits and Erosion Features
Charophyte and other algal tufa associated with wellrounded beach gravels from several localities between 512 and 360 m have yielded ϳ14,000-28,000 14 C yr B.P. ages ( Fig. 1 ; Table 1A ; site descriptions). Three tufa sites with late-glacial 14 C ages are described here: (1) southern Ash Hill fault horst blocks north of lower Water Canyon, (2) lower Shepherd fan, and (3) Surprise Canyon fan. In addition, the erosion features around the south-facing side of the divide between the Ballarat and Lake Hill basins are noted.
Southern Ash Hill fault horst blocks, lower Water Canyon. Massive reefal tufa overlain by tufa-cemented pebble beach gravel lies at ϳ512 m elevation inset on Tertiary andesitic volcanic rock ( Fig. 8A; Fig. 1, site 15) . Both bedded-pea-gravel and cobble beach deposits form a discontinuous shoreline around the Tertiary bedrock knoll at site 15 and nearby. The beach cobbles are generally monolithologic, very well rounded, and derive directly from the underlying Tertiary volcanic bedrock, and thus they have not been transported by fluvial or other processes to the location (Fig. 8B) . The material upslope from the beach gravels contrasts markedly in its angular clasts and abrupt upslope change in clast morphology (Fig. 9C) .
Due east of site 15, across a narrow half-graben, lies a wavecut abrasion surface at ϳ506 m elevation that is overlain by charophytic tufa on the south-facing side of the surface and by relict well-rounded beach clasts (Fig. 9D) . The flat abrasion surface is developed on top of the horst block that lies within the southern part of the Ash Hill fault zone. Four 14 C ages from both the massive 1-to 2-m-thick reefal tufa and thinner 5-to 15-cm-thick charophytic tufa deposits on the abrasion surface range from 18,000 to 28,000 yr B.P. (Table 1B ; Fig. 1 ). However, 36 Cl results from two of the same exposures are 45,300 Ϯ 1600 and 50,600 Ϯ 1900 yr B.P. (Table 3 ). Horst blocks within the Ash Hill fault zone that are present downslope from 512 m elevation also have beveled or abraded, smooth and flattopped, pavement-covered, charophytic tufa-bearing surfaces (cf. Figs. 1 and 9D) .
The Basin divide. The divide between the Ballarat and Lake Hill basins presently lies at ϳ521 m elevation; however, active tectonism may have increased the elevation of this feature since deposition. A large cobble beach berm straddles much of the lowest part of the divide, but this wave-controlled feature is interpreted as a relict from recession of the older Gale highstand. The south-facing side of the basin divide has a continuous trimline or wave-cut edge at ϳ512 m elevation. An abrasion or wave-cut surface is present between ϳ496 and 512 m and is overlain by an eolian reworked sandy deposit. A thick deposit of carbonate forms a knickpoint at ϳ512 m elevation in the wash draining the Argus Range to the west. The carbonate ledge is interpreted as having formed in a groundwater-discharge area adjacent to the shore.
Surprise Canyon fan. Accumulations of well-rounded, cobble beach deposits and wave-cut notches are preserved on small, fault-controlled horst blocks that offset the north slope of the Surprise Canyon fan (Fig. 9A) . The beach deposits occur between 400 and 430 m elevation. Rare, well-rounded cobble clasts with mini-atoll stromatolitic reefs (Fig. 9B) were dated from these deposits at sites 9 and 10 using 14 C. Stromatolitic carbonate rinds from the clasts gave ages of 14,150 Ϯ 80 and 22,570 Ϯ 110 14 C yr B.P. at ϳ415 m elevation (Table 1 ; Fig. 1 ).
Lower Shepherd Canyon fan. The lower part of the Shepherd Canyon fan (Fig. 1, site 8 ) is incised by a wash where an exposure at ϳ384 m elevation contains a thin bed of silty marl that overlies whitish brecciated tufa (Figs. 10B-10D ). The silty, whitish marl is overlain by ϳ1.15 m of alluvial gravel capped by an incipient, strongly oxidized pavement surface (Fig. 11A) . Soil development in the overlying alluvial deposit is incipient, and only disparate, locally developed thin rinds of carbonate coatings occur on the underside of some clasts. This grayish-weathering alluvium contrasts with the redder, more weathered alluvium overlying similar silty marls above 552 m elevation.
The marl contains a monospecific assemblage of Limnocythere sappaensis indicative of type 2, high alk/Ca lacustrine water in a terminal lake sourced by the Owens River system (Forester, 2001; Forester et al., 2005) . About 50-60 m upslope in the same wash (Fig. 1, site 17) , the marl contains a mixed lacustrine and wetlands ostracode assemblage (Table 5 , site 17). Large clasts of whitish brecciated tufa (Fig. 10C) , with large bladed crystalline structures resembling thinolite (?), underlies the marl (Fig. 10D ). This form of tufa resembles coarse crystalline tufa that encrusts tree stumps at Mono Lake and contrasts markedly in color and morphology with the other generally pinkish-cream-colored charophytic and algal tufa deposits found at higher elevation. We infer that this brecciated tufa deposit may represent a collapsed tufa tower. The tufa gave an age of 17,130 Ϯ 100 14 C yr B.P. (Table 1) .
Summary-OIS 2 Lake
Charophyte and other algal tufas associated with beach deposits and abrasion surfaces give 14 C ages of ca. 24-14 ka (OIS 2) from elevations ranging between 518 and 384 m in the Ballarat basin (Table 1 ; Fig. 1 ). If the 14 C ages are reliable, then the OIS 2 highstand reached ϳ518 m at ca. 24,000 14 C yr B.P. and possibly a second time around 18,000-16,000 14 C yr B.P. (Fig. 11; Table 1 ). This strandline elevation and the equivalent lacustrine sediment in the core suggest that an ϳ180-200-m-deep lake occupied the Ballarat basin of Panamint Valley during OIS 2. However, it is important to note that collocated 14 C and 36 Cl samples collected at both the northern Ash Hill and lower Water Canyon sites gave discrepant results, with 14 C ages of ca. 15-28 ka and 36 Cl ages of ca. 35-50 ka. This discrepancy indicates potential problems. For example, the tufas that have given Last Glacial Maximum (LGM) ages may be contaminated by young carbon, the LGM shoreline may have reoccupied an older shoreline at ϳ500 m, or there may be problems in the 36 Cl model ages as suggested by results from the higher-elevation strandlines.
Limnocythere sappaensis was found in association with L. ceriotuberosa and Candona sp. in surficial deposits (Table 5 , sites 17 and 19), which are indicative of nearshore environments, at ϳ415 and 512 m elevation in the Ballarat basin. The presence of these three species may reflect deposition when the OIS 2 lake was shifting from a filling to a falling lake. Limnocythere sappaensis in the nearshore deposits, the shallow auger sample, and the DH-1 core together suggest that Owens River water was flowing into the basin between ca. 24,000 and 15,550 14 C yr B.P. Ostracode species indicative of type 3 water, which characterizes the deep aquifer discharge in Panamint Valley, do not survive in the Owens River-type water chemistry (Forester, 1983 (Forester, , 1999 Forester et al., 2005) and were not found in these deposits.
Results of augering combined with a tufa "bathtub" ring confirm the presence of a shallow lake in the Lake Hill basin during the latest Pleistocene, consistent with the finding of Smith (1976) . The ostracode Limnocythere sappaensis indicates that high alk/Ca, type 2 water dominated the lacustrine environment, indicating an Owens River source (cf. Forester, 2001 ). Ostracode assemblages indicate type 2, Owens River-system chemistry in both Lake Hill and Ballarat basins, suggesting hydrologic connectivity, either via surface or groundwater flow, between the two basins across a divide that presently lies at ϳ521 m. The auger results indicate the termination of the lake in Lake Hill basin by Results may indicate that the oxygen isotope stage (OIS) 2 highstand lowered briefly around 19-21 14 C ka; however, this is highly speculative, and the reliability of the tufa ages has not yet been established. The OIS 2 lake was desiccated by around 12.5 14 C ka, and extensive springs dried up by around 10-10.5 14 C ka, as indicated by 14 C ages of the black mats. Black squares-beach and nearshore material described in Table 1A , open squares-lacustrine, open hexagons-black mat deposit at Lake Hill.
the end of the Pleistocene, but before 12,575 Ϯ 40 14 C yr B.P. . The saline lake in Lake Hill basin receded before ϳ12,575 Ϯ 40 14 C yr B.P. (Fig. 7 ; Table 1B) and was replaced by a groundwater-supported wetlands based on ostracode assemblages and stratigraphic succession. Peat found by Davis's (1970) archaeological investigation is underlain by mud and silt containing Assiminea n. sp., Tryonia porrecta (protea), and Gyraulus circumstriatus between 2.04 and 2.15 m below the surface of the playa near Lake Hill (Taylor, 1986; T. protea revised to T. porrecta in Hershler, 1999) .
The Lake Hill site is the only known occurrence of coexisting Assiminea n. sp. and Tryonia porrecta (protea) (Taylor, 1986) . This spring and wetlands gastropod assemblage has not yet been found in the older highstand wetlands and shoreline deposits during this or previous investigations. Modern populations of Assiminea are known in the Death Valley-Ash Meadows area (Taylor, 1986) . Tryonia porrecta (protea), to the exclusion of other Tryonia species, is known from the lower Owens River and its former watercourse (Taylor, 1986) , and it occurs in association with other Tryonia species throughout the Great Basin and lower Colorado River Basin (Hershler, 1999; Hershler et al., 1999) . Gyrauluscircumstriatushasamodernwidespreadrangeinthe west but is presently restricted to environments ϳ1500 m higher than Lake Hill at this latitude (Taylor, 1986) . This gastropod suggests colder ambient temperatures around 13,000 yr ago, probably equivalent to today's mean annual temperature at around 3000 m elevation. The terrestrial gastropods Vertigo berryi, Succinea sp., and the common bivalve Pisidium casertanum are also present (Taylor, 1986) and indicate groundwater-supported wetlands (Hershler, 1999) . The wetlands persisted between ca. 12,575 and 10,500-10,000 14 C yr B.P., when the setting became a dry playa.
DISCUSSION
Results from Panamint Valley appear to be consistent with core records from Owens Valley and Death Valley, which both contained lakes during OIS 2 and OIS 6. There is no evidence for a cold, deep lake or Owens River-type water in Death Valley during OIS 4 (Lowenstein et al., 1999; Bradbury and Forester, 2002; Forester et al., 2005) . Open basin conditions and discharge toward Searles Lake persisted during OIS 4 in Owens Valley (Carter, 1997; Bradbury, 1997; Li et al., 2004) . The record from Searles Lake indicates overflow around 21-24 ka and possibly younger, but a closed basin between ca. 24 ka and 44 ka (Smith, 1968) .
There is no evidence from this study that the Owens River system reached Panamint Valley during OIS 4, and the faunal evidence from DH-1 core instead indicates a shallow groundwatersupported lake or wetlands. The weak OIS 4 lacustrine events preserved in Death Valley and Panamint Valley cores seem to be consistent with the magnitude of the OIS 4 event in the ␦ 18 O seasurface temperature record (SST) (Lea et al., 2000) and the normalized paleotemperature curve (PC1) proposed by Winograd et al. (2006) rather than the Devils Hole record (Winograd et al., 2006) . The SST and PC1 paleotemperature curves show a cooling period at ca. 55-65 ka that was smaller in magnitude and duration than both OIS 2 and OIS 6.
Field relations (Gale, 1914b; Blackwelder, 1933; Smith, 1976; Smith et al., 1983) , ostracode assemblages, and Sr isotope geochemistry (Stewart, 1998; Stewart et al., 2001 ) indicate a major influx of Owens River water to Panamint Valley during the Gale highstand. We infer from the AAR results that the spillwaylimited lake that produced the Gale strandlines in Panamint Valley was present during OIS 6 and (or) older glacial intervals, but that discharge over the spillway has not occurred more recently. The arrival of Owens River water via Wingate Wash to Death Valley sometime during OIS 6 was inferred by Forester et al. (2005) from ostracode assemblages. Geochronologic methods (OSL/TL, 36 Cl, U-series) have indicated younger apparent ages for the highstand deposits; however, there is considerable scatter and no evidence from Death Valley and Panamint Valley cores to substantiate large OIS 4 lakes, or overflow of Owens River-type water into Death Valley at that time.
Extensive groundwater-supported wetlands or shallow lakes were present during OIS 4 based on faunal associations in the DH-1&1a core and an extrapolated sedimentation rate from the upper part of the core. Thus, Searles Lake or a basin upstream was likely the terminal lake for the Owens River system during OIS 4. The ostracode assemblages that lived during OIS 4 thrived on discharge from the deep regional groundwater aquifer, type 3 hydrochemistry, whereas the OIS 2 and OIS 6 assemblages indicate high alk/Ca ratios indicative of Owens River, type 2 water (Forester, 1999 (Forester, , 2001 Bradbury and Forester, 2002;  Table 4 ). Ostracode and foraminiferal faunal assemblages suggest that the valley was used by Pacific marine avian migrants during OIS 2 and OIS 4. Ostracode assemblages suggest that the valley was used by Gulf of Mexico marine avian migrants during OIS 6.
Results from dating methods used in this study indicate that a fairly large lake may have occupied Panamint Valley during OIS 2. The lake highstand was at ϳ500-518 m elevation, at least 90-100 m lower than the spillway at Wingate Wash. Smith (1968) and Smith et al. (1983) earlier concluded that Searles Lake overflowed into Panamint Valley during OIS 2 between ca. 24 and 15.5 ka. The OIS 2 lake(s) in both the Lake Hill and Ballarat basins of Panamint Valley had Owens River-type chemistry, suggesting that they may have been hydrologically linked through the basin divide, which is presently open with respect to groundwater transport (Carranza, 1965) .
OIS 2 Shorelines in Nearby Basins
Results from this study support the conclusion of Smith et al. (1983) that the Owens River system was flowing into Panamint Valley via Searles Lake during OIS 2 until ca. 15.5 ka. The 14 C ages on tufa from the OIS 2 highstand in Panamint Valley of ca. 22-26 ka are similar to OIS 2 ages from Owens Lake (Bacon et al., 2006) . Lacustrine and vegetation records from Owens Valley (Koehler and Anderson, 1995; Bacon et al., 2006) , Death Valley , and Lake Mojave indicate a brief drying and lake-lowering event between 20 and 18 14 C ka and a return to LGM lake elevations from ca. 18 until 15 14 C ka (Ore and Warren, 1971; Wells et al., 2003; Bacon et al., 2006) . The OIS 2 tufa ages from the Ballarat basin may also record this event, with a similar drop in lake level around 19 14 C ka (Fig. 11) .
The timing of the lacustrine regression and wetlands succession documented in the Lake Hill basin is consistent with the age of well-known "black mat" deposits in the Mojave and Amargosa regions (Quade et al., 1998 (Quade et al., , 2003 and the age of an extreme drying event around 12,500 14 C yr B.P. at Owens Lake (Benson et al., 1997; Bacon et al., 2006) . A pronounced reduction in spring and wetland activity noted in the southern Great Basin and Amargosa areas around 9500-7000 14 C yr B.P. (Quade et al., 2003) and around 9600 in Death Valley (Lowenstein et al., 1999) , and a drop in lake level between around 8000 and 7000 14 C yr B.P. in Owens Valley (Bacon et al., 2006) seem to have started at ca. 10-10.5 ka in the Lake Hill basin, Panamint Valley.
CONCLUSIONS
Surficial deposits of Pleistocene Lake Gale (Gale, 1914a (Gale, , 1914b Gale strandlines of Smith, 1976) between 317 and 610 m elevation, as well as core material of glacial and interstadial age, indicate that Panamint Valley was intermittently occupied by water from two fundamentally different sources: type 2 waters, characteristic of the Owens River system (cf. Forester, 1983 Forester, , 1986 Forester, , 1987 Forester, , 1991 Stewart, 1998; Stewart et al., 2001) , and type 3 waters, characteristic of a deep, thermally heated regional aquifer (Li et al., 1997) . Mixing of these waters in Panamint Valley is a function of the timing and duration of spillover from the Owens River system during climatically controlled highstands (Smith, 1968; Smith et al., 1983; Stewart et al., 2001) . The chemistry of the source waters is sufficiently unique to influence the ostracode assemblages (Forester, 1999 (Forester, , 2001 Forester et al., 2005) and is thus a relative indicator of the connectivity of the Owens River system to Panamint Valley (Stewart, 1998; Stewart et al., 2001) .
Assuming that the 14 C ages on tufa represent the deposition or formation age of the tufa, a water body sufficiently large to occupy both the Lake Hill and Ballarat basins with Owens River-dominated water was present in Panamint Valley during OIS 2. Although the OIS 2 lake appears to have been ϳ180-200 m deep, it was not sufficiently large to spill into Death Valley. We conclude that Panamint Valley was occupied only by groundwater-supported wetlands and shallow lakes during OIS 4. Thus, it appears that the last time Panamint Valley spilled into Death Valley was most likely during OIS 6 or earlier, which is consistent with the presence of large lakes that have been extensively identified elsewhere in the Owens River system and Great Basin (Smith et al., 1983; Smith and Bischoff, 1997; Forester et al., 2005) .
